Aim of the Work : The aim of this work is to study the effect of crocin on endocrine functions of testes before and after testicular damage in rats.
Introduction
CROCIN is a carotenoid obtained from Crcus stivaus L. (Saffron) and is responsible for the red color of saffron [1] .
Saffron has been used as a flavoring agent [2] . In traditional medicine, saffron has been used to treat infertility and impotence, but the mechanism is still un clear [3] . It contains crocin, crocetin, picrocrocin and safranal [4] .
Hosseinzadeh et al., [я demonstrated that crocin has various activities as antioxidant, antitumor, radical scavenging and genoprotective.
There are many environmental toxicants have the potential to impair human fertility [6] . The testis is sensitive to a variety of stressors, such as inflammation, radiation, hyperthermia and exposure to agents that induce testicular damage [7] . These agents may include phthalates, bisphenol A, polychlorinated biphenyls, pesticides, polybrominated diphenyl ethers and others (e.g., cadmium chloride) [8] .
The impacts of exposure to certain toxicants may not be fully realized. Campion et al., [9] suggested that these environmental toxicants produce their effects by perturbation the reproductive system either by direct or indirect interaction with vital cellular components and disruption of hormonal and paracrine interactions essential for reproduction.
The aim of this work is to study the effect of crocin on endocrine functions of testes before and after testicular damage in rats. 
Material and Methods

Animals:
The present work was carried out on 40 male adult albino rats oflocal strain weighing (180-200 gm). The rats were housed in isolatedanimal cages, five in each cage, in a standard Animal Laboratory Room in Faculty of Medicine, Tanta University and had free access towater and food ad libtium all over the period of the work, and were kept atroom temperature. All procedures were done according to the ethicalcommittee of Tanta University. The work was done from April 2016 to Nov. 2017.
Chemicals: -Crocin preparation: Crocin was obtained from
Sigma-Aldrish Co as a powder and dissolved by addition of normal saline.
-Cadmium Choloride (Cd) preparation: Cd was obtained from Sigma Aldrish as a powder dissolved by addition of normal saline.
Study design:
Rats were divided into four main groups: Each consisting of 10 animals.
1-Control group (group I): Rats received 1ml
normal saline intraperitoneally for 4 weeks.
2-Cadmium-treated group (group II):
Rats received intraperitoneal injection of a single dose of 1 mg/kg cadmium chloride dissolved in saline [10] .
3-Crocin -pretreated group (group III):
Rats pretreated with crocin in a dose of 50mg/kg intraperitoneally once daily for 4 weeks [11] , then they received cadmium chloride as in group II [10] .
4-Crocin-treated group (group IV):
Rats received cadmium chloride as in group II, then they were treated with crocin as in group III for 4 weeks [11] .
Sample collection and analysis:
At the end of the experimental period, all rats were anaesthetized by intraperitoneal injection of pentobarbital (50mg/kg) [12] and blood samples were obtained by decapitation of all animals then serum was separated by centrifugation at 3000rpm for 10 minutes and transferred into clean storage tubes.
Serum samples were used to measure free testosterone level according to the method of Morley et al., [13] , FSH level according to the method described by Gay et al., [14] , and LH according to the method of Haavisto et al., [15] .
Part of testis was homogenized in ice-cold sodium potassium phosphate buffer (pH 7.4), centrifuged at 3000rpm at for 10min and stored at -80ºC for analysis of caspase-3 activity according to the method of Slee et al., [16] , Malondialdehyde (MDA) according to the method of Ohkawa et al., [17] and Gutathione (GSH) by the method of Moron et al., [18] .
Statistical analysis:
The data were shown as the mean ± standard deviation. Data from the study were analyzed using by one-way Analysis of Variance (ANOVA) followed by Tukey' s test to assess the significance. The p<0.05 were considered as statistically significant. Using SPSS for windows (Version 23.0).
Results
Effect of the crocin on serum testosterone, FSH & LH levels:
As shown in Fig. (1) , there was significant decrease of serum levels of testosterone, FSH and LH in Cd-treated group as compared to the normal control group. While, Crocin pretreatment, for 4 weeks before Cd toxicity, significantly increased serum levels of testosterone, FSH and LH as compared to Cd-treated group. But, these levels were still significantly low as compared to the normal control group.
As regard, crocin-treated group, also, there was significant increase in serum levels of testosterone, FSH and LH as compared to Cd-treated group. These parameters returned to the normal level as compared to the normal control group.
Effect of the crocin on testicular caspase-3 activity:
As presented in Fig. (2), there was significant increase of testicular caspase-3 activity levels in Cd treated group as compared to the normal control group. While, as regard, crocin-pretreated group, there was insignificant change of testicular caspase-3 as compared to Cd-treated group.
But, in crocin-treated group, the results showed that there was significant decrease in testicular caspase-3 level as compared to Cd-treated group. The level of caspase-3 activity returned to the normal level as compared to the normal control group. Effect of the crocin on testicular MDA and GSH: Fig. (3) showed that MDA levels significantly dcereased in testicular tissue with concomitant increase of testicular GSH levels as compared to the normal control group. As regard, crocin-treated group, MDA levels significantly decreased in testicular tissue with concomitant increase of testicular GSH levels as compared to Cd-treated group.
Group I Group II Group III Group IV Group I Group II Group III Group IV Group I Group II Group III Group IV However, these levels were still significantly changed as compared to the normal control group.
Also, in crocin-treated group, MDA levels significantly decreased in testicular tissue with concomitant increase of testicular GSH levels as compared to Cd-treated group. These parameters returned to the normal level as compared to the normal control group. Group 
Discussion
The results of the present work revealed that in Cd.-treated group, there was significant impairment of endocrinal function of testes. Also, there was evidence of apoptosis of the testicular tissue manifested by significant increase of testicular caspase-3 levels. In addition, there was evidence of oxidative stress in testicular tissue. The result of the present work showed the efficacy of crocin in preventing and/or treating the toxic effects of Cd in the rat testes.
In the present work, the results showed that the serum level of testosterone significantly decreased in Cd-treated group as compared to the normal control group.
The mechanism by which Cd mediate the decrease in the serum testosterone level observed after Cd administration is still not well known.
One proposed mechanism for the decrease of serum testosterone level after Cd administration can be explained by that Cd exposure at the testicular level causes significantly decreased activity of testicular steroidogenic enzymes 3-B-hydroxysteroid dehydrogenase and 17-hydroxysteroid dehydrogenase which are the key enzymes for testosterone biosynthesis [19] .
Another possible mechanism is that Cd exposure increased intracellular concentration of Reactive Oxygen Species (ROS) with increased peroxidation, protein carbonylation and DNA fragmentation [20] .
A third mechanism, Cd can also affect testosterone synthesis by down-regulating LH receptors mRNA expression [10] . Also, it was suggested that Cd decreases androgen biosynthesis, possibly by altering progesterone synthesis and metabolism through direct interaction of Cd with DNA and competitive inhibition of essential enzymes [21] . Testicular lesion from Cd exposure is primarily vascular and the vascular damage determines the degree of lesion in the germ cells and leydig cells. This lesion can generate leydig cells degeneration and atrophy [22] . Moreover, the decreased testosterone level may be explained considering the results described by [23] from vitro studies that showed a reduction in human chroinic gonadotropin and dibutyl cyclic adenosine monophosphate stimulated testosterone production in rats treated with Cd.
In the present work, the results showed that the serum levels of both FSH and LH were significantly decreased in Cd-treated group as compared to the normal control group.
The mechanism of the decreased serum levels of FSH and LH after Cd toxicity cannot be elucidated, but it can be explained by that Cd is considered as an endocrine disruptor and the hypothalamopituitary-gonadal axis is a target for Cd [24] .
The pituitary gland is a very sensitive target for Cd [25] . It was suggested that oxidative stress and lipid peroxidation may be a mechanism of Cdtoxic activity on pituitary gland so causes decrease of FSH and LH [26] .
In the same way, Lafuente [27] demonstrated that Cd administration lowered the membrane fluidity of the pituitary gland, which may affect membrane function and alteration of receptor bind-ing and secretory mechanisms of pituitary hormones.
Also, Ma et al., [28] observed that treatment of Cd exerted disruption in the hypothalamic-pituitaryaxis function, with subsequent decrease of both FSH and LH levels.
As observed in the results of the present work, the serum testosterone levels significantly increased in both group III (pretreated-crocin group) and group IV (treated-crocin group) as compared to the Cd-treated group which suggested that crocin administration improves the endocrine testicular function.
The mechanism by which the serum testosterone level increased via crocin administration is still unclear. But, it can be explained by that crocin increases the leydig cells activity and steriodogenesis process of leydig cells with subsequent increase of testosterone level [29] .
Another mechanism that can explain the increase of testosterone serum levels by crocin administration is that crocin through enhancing the defense antioxidant system and reduction of oxidative stress and hence decreasing the oxidative damages on cellular processes and steroidogenesis in leydig cells [30] .
It is clear from the results of the present work, that crocin administration before and after Cd administration not only significantly increased serum testosterone level but also, there were concomitant significant increase of serum FSH and LH levels.
The mechanism by which crocin significantly increased serum levels of FSH and LH is still not well established. But, Kreft and Zorec [31] demonstrated that crocin cause significant growth of anterior pituitary secretion cells number with subsequent increase of FSH and LH secretions.
Also, Sajjadi and Bathaie, [32] observed that studying colored tissue of the anterior pituitary cleared distinct accretion in basophil cells which responsible for LH and FSH production.
Also, Asadi et al., [33] explained the FSH and LH increased levels with the increased testosterone level, as that crocin may reduce the hypophysealhypothalamic sensitivity to testosterone feedback control on gonadotropins secretion.
One of the possible explanations of the increased levels of FSH, LH and testosterone with crocin administration may be due to presence of compounds in crocin which affect the hypothalamus-pituitary axis and has thus increased concentration of these hormones [3] .
The researches done by Krsmavic et al., [34] also showed that crocin is capable of releasing LH hormone by affecting hypothalamus axis and increasing the secretion rate of GnRH hormone.
Also, Kumar and Sharma [35] , proposed that GnRH cause proliferation of sex cells by increasing the leydig cells activities in adult rats.
In another explanation, Khazdair et al., [36] showed that crocin increase norepinephrine, and this hormone can increase the release of nitric oxide. Norepinephrine increase LH secretion with activation of nitric oxide. Nitric oxide affects hypothalamus axis and release GnRH. The latter increases secretion of other hormones such as LH and FSH of pituitary gland. LH hormone affects leydig cells with subsequent release testosterone hormone.
The result of the present work showed that the testicular caspase activity significantly increased after Cd administration as compared to the control normal group. The mechanism conferring increased caspase-3 after Cd administration is not understood, but it has been suggested to result from oxidative stress induced by Cd as proved in the results of the present work.
In order to gain insight into other possible mechanisms that that mediate the beneficial effects of crocin on Cd-induced testicular damage, measurement of the caspase-3 activity in testicular tissue was undertaken.
The results of the present work showed that the activity of caspase-3 in testicular tissues significantly increased in crocin-treated group for 4 weeks after Cd treatment, but insignificantly changed in crocin-pre-treated group as compared to Cd-treated group.
The mechanism by which the crosin significantly inhibits the caspase-3 activity in testicular tissue is not completely understood, but it can be suggested that to result from promotion of antioxidant status and reduction of lipid peroxidation as proved latter in the results in the present work.
The results of the present work demonstrated that intra-peritoneal injection of Cd in a single dose of 1mg/kg, significantly increased MDA levels in testicular tissue as compared to the normal control group.
MDA, an end product of polyunsaturated fatty acids, is a reliable and commonly used biomarker for assessing lipid peroxidation. Lipid peroxidation is a well-established mechanism of cellular injury and is used as an indicator of oxidative stress in cells and tissues.
The depleted GSH level was observed in Cdtreated group in the results of the present work.
The possible mechanism in Cd-induced GSH depletion may be due to rampant lipid peroxidation process that affect the activity of non-enzymatic thiol antioxidant GSH which get utilized to minify the peroxidation of lipids [38] .
The results of the present work showed that in crocin-pretreated and treated groups, there was a significant decrease of testicular MDA level with concomitant increase of GSH level in testicular tissue as compared to the Cd-treated group, with observation, that these levels return to the normal control values in crocin-treated group.
These results are consistent with a large of studies highlighting the antioxidant properties of crocin in different tissues. Accordingly, Rajaei et al., [39] proved that crocin at doses of 30 and 60mg/kg, appear to exert antioxidant activity by decreasing lipid peroxidation in liver and kidney tissues.
Similary, Hossein Zadeh et al., [5] reported that crocin has antioxidant effects.
Also, Vakili et al., [40] indicated that crocin has protective effects against ischemic/reperfusion injury and cerebral edema in a rat model of stroke and significantly reduced MDA content in the ischemic cortex.
Moreover, Razavi and Hosseinzadeh, [41] found that crocin has the ability to reduce lipid peroxidation and improved GSH in liver of rats treated with cisplatin.
Conclusion:
From these results, we concluded that crocin has protective and therapeutic effect testicular damage-induced by cadmium via improving the endocrine tesicular function and via its antiapoptotic and and antioxidant effect. Also, our results showed that the therapeutic effect of crocin is more effective than its protective effect on testicular toxicity induced by Cd. However, further studies are required to define its exact mechanism of actions.
